The electric dipole moments of some styrene and trans-and cis-stilbene oxides have been measured, in benzene. From these data some bond angles have been calculated and it has been deduced that in the styrene derivatives the phenyl group is in rapid interconversion about the bond with the triatomic ring.
Introduction
The three-dimensional structure of several aryl substituted oxiranes have been carefully determined through X-ray crystallography1-3. These studies showed that the skeletal geometry of the threemembered ring is affected by substitution. They evidenced, moreover, a relative conformation of the epoxidic ring and of the adjacent aryl system1-2 which is in agreement with the stereochemical requirements for the pseudo-conjugative interaction between the two rings4 and the possibility of a conjugation between two aryl groups through the oxirane ring3.
As to the orientation of the phenyl with respect to the oxirane ring, in theory, there are two possibi lities, depending on whether there is free (or par tially restricted) internal rotation about the bond connecting the two rings or only one fixed structure.
Structural data on these compounds in solution or in the liquid state are almost lacking and only very limited and approximate data on their con figuration are available from NMR, ORD and CD measurements5-7.
In order to obtain more detailed information on the geometry of these systems in solution and to clarify some spectroscopic results8 - 9 we have under- taken an analysis of a series (see scheme) of styrene (1) (2) (3) (4) (5) and trans- (6) (7) (8) ) and cis-stilbene oxides (9) (10) (11) by electric dipole moment measurements. 
Experimental

Materials
Compound 1 (Merck-Schuchardt) was purified by distillation. Compounds 310, 4 2, 6 11, 9 12, 1011 and 1 2 12 were prepared according to literature proce dures. (2) A solution of NaBEU (2.4 g, 0.063 mol) in water (40 ml) was added dropwise to a stirred solution of p-chlorophenyl bromide13 (22.4 g , 0.096 mol) in dioxane (200 ml) at 0 °C. The resulting mixture was stirred for further 1 h at room temperature, treated with 2 N aqueous sulfuric acid and then poured into water (500 ml) and extracted with ether. Evapora tion of the washed (H20) and dried (MgS0 4 ) etherextractions yielded a residue which crystallized from light-petroleum (b.p. 30-50 °C) to give l-(p-chlorophenyl)-2-bromoethanol (14.9 g), m.p. 60-61 °C (lit.13 61-62°C). The bromohydrin (14.9 g) was dis solved in 70% aqueous dioxane (200 ml), titrated at room temperature with IN aqueous sodium hydroxide (phenolphtalein), diluted writh water and extracted with ether. Evaporation of the washed (H2O) and dried ether extracts afforded crude 2 (9.4 g), which was distilled yielding pure 2 (9.0 g), b.p. 78-79 °C at 1.5 m m H g (lit.14 101 °C at 10 mm Hg).
p-Clorostyrene oxide
m -N itrophenacyl bromide
To a solution of m-nitroacetophenone (MerckSchuchardt) (20.0g, 0.121 mol) in acetic acid (70ml) at 0 °C was added dropwise a solution of bromine (6.6 ml, 0.129 mol) in the same solvent (10 ml) and the resulting mixture treated with a mixture of ice and water to give a solid crude which was crystal lized from ethanol to yield pure m-nitrophenacyl bromide (15.8 g), m.p. 91-92 °C (lit.15 94-96 °C). m -N itrostyrene oxide (5) Treatment of ra-nitrophenacyl bromide (15.8 g, 0.060 mol) with NaBH4 as described above for the preparation of 2 give crude l-(m-nitrophenyl)-2-bromoethanol (12.5 g) which was dissolved in 70% aqueous dioxane (100 ml) and then treated with an excess of 1N aqueous sodium hydroxide at 50 °C for 1 h. Dilution writh water, extraction with ether and evaporation of the washed (H2O) and dried (MgS0 4 ) extracts, yielded a crude (7.9 g) which wras distilled to given pure 5 (6.7 g), as an oil, b.p. 113-114 °C at 0.6 mm Hg (lit.15 140-141 °C at 4 mm Hg).
trans-p,p'-Dichlorostilbene
A solution of l,2-di(2>-chlorophenyl)ethanol (34.0 g), obtained as previously described16, in acetic acid (170 ml) was treated dropwise writh concen trated sulfuric acid (17 ml) and then heated at 100 °C for 40 min. Dilution with w7ater yielded a solid residue which was crystallized from ethanol to give pure fratts-p,2/-dichlorostilbene (21.0 g), m.p. 175-176 °C (lit.16 175-176 °C).
trans-p,p'-Dichlorostilbene oxide (7)
A solution of trans-p,^'-dichlorostilbene (10.0 g, 0.04 mol) in chloroform (100 ml) was treated under stirring with a 0.235 M solution (290 ml, 0.068 mol) of peroxybenzoic acid16 in chloroform. After 20 days at room temperature the solution was washed writh 10% aqueous sodium carbonate, wrater and evaporated to yield a crude (10.1 g) which was crystallized three times from hexane to yield pure (7) (5.6 g), m. p. 118-119 °C (lit.16, m.p. 123-124 °C); NMR (CDCI3): < 5 3.77 (2H, s, CHO) ppm. (10) A solution of 7 (3.0 g, 0.011 mol) in anhydrous chloroform (120 ml) was saturated with dry gaseous hydrogen chloride, left 24 h at room temperature and then washed (H2O, saturated NaHCOa and H2O) and evaporated to dryness. The residue* obtained (3.2 g) was dissolved in methanol (80 ml) and treated dropwise with IN aqueous sodium hydroxide (12 ml) at 50 °C. The resulting mixture wras further stirred for 2 h at 50 °C, then diluted with water and extracted with ether. Evaporation of the washed (H2O) and dried (MgS0 4 ) ether extracts give a solid residue (2.5 g) which was crystallized from light petroleum (b.p. 30-50 °C) at -5 °C to yield pure 10 (1.5 g), m.p. 52-53 °C; NMR (CDCI3): ö 4.35 (2H, s, CHO) ppm. C14H10OC12 Calcd C 63.42 H 3.80, Found C 63.07 H 3.92.
cis-p,p'-Dichlorostilbene oxide
Physical measurements
Dielectric constants, densities and indices of re fraction were measured at 25.0 ±0.1 °C, in benzene using methods described previously. 19 The total molar polarization and molar refraction at infinite dilution of the molecules were calculated by the method of H a l v e r s t a d t and K u m l e r 20. The atomic polarization was assumed to be zero. Ob served moments are accurare to ± 0.02 D. Table I shows the experimental results and  Table II lists the observed dipole moments together with the parameters used in their calculation.
Results and Discussion
A vectorial analysis of the observed moments gives bond angle values and information on the possible orientation of the phenyl group with respect to the plane of the triatomic ring and on the con jugation between these two rings.
Calculation of the bond angles HCiCai-, (Fig. 1 ) and C2CiCAr utilised the following equations: C2. (1) = Utrans -2 //i COS a COS (90 ° -/S ) (11) = [//C ii-2iMicosacos(900-/9)]2 -f [2/uicos(90°-a)]2 where //(I) and ^(11) are the observed moments for trans-(7) and cis-^p'-dichlorostilbene oxides (10), respectively, and /utrant and jj-cit those for trans- (6 ) and cis-stilbene oxides (9); jui is the moment ob served for monochlorobenzene, (1.59 D)21; a is the angle between the Ci-Ar bond and the plane of the triatomic ring and ß that between the projection of Ci-Ar bond on the plane of the triatomic ring and C1-C2 bond. Solution of these equation gives: a = 50° ± 2° and ß = 24° ± 3°. The values of the corresponding angles in ethylene oxide, found using microwave techniques and electron diffraction22, are slightly different: a = 58° and ß -22°. It is noteworthy that an analogous distortion in the a angle has been observed for p-nitrostyrene oxide (5) from X-ray measurements 2.
-I ->* The angle 6, between the vector //(Ci^O), assumed equal to the moment of styrene oxide (1 ), and the Ci-Ar bond was obtained from the equation: Two independent calculations were carried out using this equation and choosing styrene derivatives having different electronic effects. The meaning of the symbols for these calculations a re : 1st calculation: ju0bsd is the moment observed for p-chlorostyrene oxide (2 ) , and //C x that for chlorobenzene (as above); /xso is the moment observed for styrene oxide (1), (1.82 D). 2nd calculation: ju0\}Sa is the moment observed for p-nitrostyrene oxide (5), /uCx that for nitrobenzene (4.00 D) 21 and juB0 that for styrene oxide (1) . The values obtained from these two calculations are, in that order, 104° ± 2 and 102° ± 2. It is significant, that these two calculations, completely independent one from the other, have given the angle 0 the same value, within the limit of experi mental error, even if two styrene derivatives with substituents at phenyl having electronic effects and group moments, sensibly different have been used. This circumstance, together with the fact that in such a calculation we did not consider an eventual conjugation between phenyl and the triatomic rings*, suggests that the electronic delocalisation between the two rings is completely absent or so small as to be ignored. Therefore in the styrene oxides examined here, the phenyl in benzenic so lution rotates more or less freely around the link with the heterocycle.
Let us now try to obtain information by in dependent means on the same problem (conjugation between the phenyl and oxyranic rings) from the vector analysis of two styrene derivatives substi tuted in the raeta-position. This will be done ascertaining with which of the two possibilities (i) free (or partially restricted) internal rotation of (ii) fixed conformation, better accord the dipole mo ments observed for these two molecules.
For free internal rotation, the theoretical moment (//caicd) was found using the equation: 23 Sealed = H o2 + in which /u0 is the vector sum of all components of the rotating moments about their axes of rotation and Zfii2 is the sum of the squares of the components of the rotating moments perpendicular to their axes of rotation. Using an angle 0 of 104° (between * We did the same calculations also using the mesomeric n'cx moments having the verses //(CeHUCl) and '(CöHöNO^. In fact we found that in order to get the values of 0 equal, within the limits of experimen tal error, using the two above mentioned calcu lations, the value of these mesomeric moments cannot be qualitatively more than about 0.1 D. This mesomeric moment, considering the large dis tance between the centroids of the negative and positive charges, is undoubtedly not able to impede the interconversion of the phenyl ring.
the moment of the heterocycle and the Ci-Ar bond), ra-chlorostyrene oxide (3) gives //caicd = 2.3 D. This result is in good agreement with the observed value (2.23 D) and it may be deduced that free internal rotation or rapid interconversion about C-Ar bond cannot be excluded. To see whether this agreement between the observed and calculated moments is indeed significant and not casual, we have also investigated the m-nitrostyrene oxide. For this molecule, assuming that free rotation is present and using an angle 6 of 102°, //C aicd is 4.2 D. This value should be judged as being in agreement with that observed (4.03 ± 0.02 D) considering the uncertainty inherent in a calculated moment (0.1 D) 23-24 and that deriving from the reproducibility of the ob served moment (in this case ±0.03 D). It therefore confirms what has been observed above, that is, that phenyl ring rotates freely or is in rapid inter conversion round the link with the triatomic ring. We are inclined to opt for the second possibility based on the results obtained from quanto-mechanic calculations25, according to which the energy barrier for the rotation of phenyl is 13.2 kJ mol-1.
A final, interesting, point arises from a comparison between the dipole moments observed for the cis and those for the trans-isomers of stilbene (see Table III ). From this Table it may be seen that: (i) the trend of the moments is in the same sense in both series; (ii) the moment observed for the cis isomer is always lower than that for the trans one; (iii) the moment of the styrene derivative is inter mediate between those of the cis and trans stilbene oxides. Since the possibility that the increase in observed moments going from cis to trans isomer is a consequence of possible changes in bond angles must be excluded, it seems probable that the results may be explained by the presence of conjugation between the phenyl group and the heterocycle. This affirmation should be explained in detail since it, at first, seems to contradict what has been previously shown above concerning the behaviour of the phenyl ring. In our opinion this contradiction does not exist if one reflects for a moment. In fact from Table III we see that the difference between the moments of the cis and the trans isomers is <0.2 D (which could be <0.16 D if we consider the reproducibility of the experimental value).Well, for our compounds, if we take into account the probable sensible distance between the centroids of the positive and the negative charges of this mesomeric moment, it can be deduced that the charge transferred between the two rings must really be very small and thus not enough to block the molecule in a fixed conformation.
Finally, the present electric dipole moments allow a refinement of the interpretation of the UV spectra of these molecules8-9. In both series although the absorption bands are at the same frequency, the intensities in the trans isomers are higher than those in the cis ones. This clearly implies that there is a different conjugation in the two series of isomers. On the basis of these spectroscopic data it was suggested8-9 that there are contributions from the extreme forms I and II, which are possible for the trans isomers. Because of the large distance between the opposite charges in the canonical forms I-II, each should have a high dipole moment. However, since the observed moment in the unsubstituted compounds is small (1.8-2.0 D), we deduce that contributions by forms I and II must be negligible in the ground state. In conclusion, there is same evidence for the existence of interaction between the phenyl group and the rest of the molecule. However, it is proved that this interaction is very limited and it is such as to allow rapid interconversion of the phenyl ring if steric hindrance is absent. 
